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1748-6815/ª 2016 British Association ofSummary Background and aims: Prosthetic mask restoration of the donor face is essential in
current facial transplant protocols. The aim was to develop a new three-dimensional (3D)
printing (additive manufacturing; AM) process for the production of a donor face mask that ful-
filled the requirements for facial restoration after facial harvest.
Materials and methods: A digital image of a single test person’s face was obtained in a stan-
dardized setting and subjected to three different image processing techniques. These data
were used for the 3D modeling and printing of a donor face mask. The process was also tested
in a cadaver setting and ultimately used clinically in a donor patient after facial allograft har-
vest.
Results: and Conclusions: All the three developed and tested techniques enabled the 3D print-
ing of a custom-made face mask in a timely manner that is almost an exact replica of the donor
patient’s face. This technique was successfully used in a facial allotransplantation donor pa-
tient.
ª 2016 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
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Experience in facial allotransplantation is accumulating
in several centers worldwide. From 2005, there have
been 31 reported facial transplants in seven different
countries.1 These facial transplants have varied from
partial to full facial transplants; however, all of them
have included a major part of the facial skin and soft
tissues. Therefore, in contrast with solid organs, facial
procurement leaves a significant visible disfigurement
with consequent ethical issues. The approach to facial
restoration after facial procurement has varied between
different centers internationally and is subject to vary-
ing cultural factors. In some cultures, simple coverage of
the remnant facial structures with a simple gauze dres-
sing after facial procurement may suffice. However, in
other cultures, there is a need for visual restoration
after facial procurement. In order to safeguard the dig-
nity of the donor and respect for the family, it is
important to restore the facial appearance after pro-
curement. This is particularly the case in “open casket”
burials.
In the literature, there is a scarcity of reports on the
current available options for donor face mask production.
These methods include masks handmade from resin or sil-
icone.2,3 In short, a mold is obtained from the donor face
using alginate, and the mask is prepared using this negative
imprint. Next, a replica is prepared from plaster from which
a silicone or resin mask is then made, and the mask is finally
refined using makeup application. However, the mask is not
a perfect copy of the donor’s face. There are many steps
involved, and the end result relies on the skills of the
anaplastologist who should work in close tandem with the
facial harvesting team.
Additive manufacturing (AM) aka three-dimensional
(3D) printing refers to the technologies used for printing
a 3D object and is currently used in various medical ap-
plications.4 The combination of computed tomography
(CT) and AM can be applied for the production of medical
models for preoperative planning.5 AM technologies are
utilized for anatomic personalization of prosthetic
sockets,6 and additive manufactured implants,7,8 dental
crowns,9 and denture frameworks10 have also
been successfully used. Our earlier experience with these
technologies has comprised various dental and maxillofa-
cial applications.11e13 Our and other studies have pro-
vided validation of the AM concept as a workable solution
for various clinical purposes using modern digital tech-
nology and obviating the need for a manual working
phase.
Here, our aim was to develop and evaluate a new digital
process for the manufacturing of a donor face mask for
facial restoration using a multidisciplinary setup. We
tested three different 3D digital imaging methods for pro-
ducing a 3D printed donor face mask. Furthermore, this
process was investigated in a cadaver setting to evaluate
the timing, logistics, and cooperational aspects of the
process. This new technique was then used for facial
restoration in the first facial allotransplantation donor
patient in Finland.Materials and methods
3D digital imaging method testing
A volunteer provided fully informed consent for the study
as a single test person, and digital images of his face were
obtained indoors in a standardized setting. These were then
manipulated using three different image-processing tech-
niques. These data were used for the 3D modeling and
printing of the donor face mask (Table 1).
Two of the methods were based on reconstructing the
geometry and colors from photographs (123D, Autodesk
Inc., USA and Proface, Planmeca Oy, Finland). The third
one used structured light to capture geometry and a
monochrome camera with a projector for color channels
(red, green, and blue) to capture colors (DAVID-SLS-1
scanning set, DAVID Vision Systems GmbH, Germany).
Data obtained from scanning were then converted to a
3D (Polygon File Format) format using various software
(Table 1). Models were repaired, manipulated, and thick-
ened using the 3DataExpert software (3DataExpert
10.0.0.7, DeskArtes Oy, Finland).
The 3D data of the planned mask were then transferred
to the AM machine using a ZPrint CAD format. The final
physical object was manufactured using a binder jetting
method with a full color complement (ZPrinter 450 or 650,
3D Systems Corp, USA).
Cadaver case
The described process was then tested in a cadaver during a
facial procurement practice session performed by the
Helsinki Facial Allotransplantation team. The face of the
deceased was photographed the day before using a Canon
Powershot G12 (Canon Inc., Japan) digital camera in normal
lighting at the mortuary. The 123D Catch was not used
because the licensing agreement only allows the manu-
facturer to use created 3D models for marketing purposes.
Therefore, Agisoft Photoscan (AgiSoft LLC, Russia) was used
instead for creating the 3D model from the photographs.
The editing and manufacturing were completed as previ-
ously described. The face of the cadaver was dissected as
planned for the first facial allotransplantation in Finland
and included the full face, soft tissues, and Le Fort II type
maxilla. The mask was then inserted after dissection and
secured with gauze.
Allotransplantation patient
This new donor mask-manufacturing technique was then
clinically used in Finland’s first facial allotransplantation
case. The donor patient was photographed using a standard
digital camera soon after the decision for facial procure-
ment was confirmed. The same processing as outlined
above was conducted concurrently with the multiple organ
and facial allograft harvesting operation. The only differ-
ence compared with the cadaver test case was that the
donor now had an endotracheal tube and some stains on the
skin. These were managed by using standard photo-editing
Table 1 The three different techniques used for mask production.
Name Digitizing face Creating 3D model
from scanned data
Manipulating 3D model Printing process
Scanner Scanning software Repairing and
thickening
Printer Powder Layer
thickness
DAVID DAVID Structured
Light Scanner
(DAVID Vision Systems
GmbH, Germany)
DAVID-LASERSCANNER 3.6.0
(DAVID Vision Systems
GmbH, Germany)
3DataExpert 10.0.0.7
(DeskArtes Oy, Finland)
Zprinter 450
(3D Systems
Corp, USA)
ZP 150 0.1 mm
123D Canon Powershot G12 þ
flash, 9 photos
(Canon Inc., Japan)
123D CATCH
(Autodesk Inc., USA)
3DataExpert 10.0.0.7
(DeskArtes Oy, Finland)
Zprinter 450
(3D Systems
Corp, USA)
ZP 150 0.1 mm
Proface Planmeca ProMax ProFace
(Planmeca Oy, Finland)
ProMax ProFace integrated
software (Planmeca
Oy, Finland)
3DataExpert 10.0.0.7
(DeskArtes Oy, Finland)
Zprinter 650
(3D Systems
Corp, USA)
ZP150 0.1 mm
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allograft, the manufactured donor face mask was then
secured in the correct place.
All work in this study was conducted in accordance with
the Declaration of Helsinki (1964).Results
3D digital imaging method testing
All the three evaluated techniques were easy to use and
proved feasible for successful donor face mask
manufacturing. The 123D technique and Proface require
the use of a standard digital camera. The process using
123D was the easiest but did require some manual manip-
ulation. The DAVID technology uses a separate device to
acquire the images and required a considerable amount of
manual manipulation.
When evaluating the geometry of the mask without
colors and visually with colors, the quality of the mask with
the 123D technique was the poorest and with Proface was
the best (Figure 1). Figure 2 shows images of the final 3D
manufactured facial masks and aims to highlight differ-
ences such as the physical characteristics of the final mask
among the three digital manufacturing techniques. Two
projections were chosen to adequately demonstrate the
resemblance between the test patient and final facial mask
characteristics (Figure 2).
For 123D, Proface, and DAVID, the capture of the image
and data transfer took 15e30 min, the data conversion and
manipulation took 15 min, and the physical 3D
manufacturing took 8 h. The manufacturing cost was esti-
mated to be 400V for each death mask.Cadaver case
The process time was 9 h. The mask included the full face
and submental area. The mask was of the correct size and
could be fitted without any problems. The anatomical areas
that were not included in the mask but had been dissectedwith the face were covered with gauze. The quality of the
mask was assessed to be satisfactory for its purpose.
Allotransplantation patient
Photographs of the donor face were obtained by one of the
surgeons 1 h after the decision for proceeding for face
transplantation had been made. The distance between the
donor lateral canthal ligaments was measured to enable the
technician to make the appropriate scale adjustment of the
mask. Because of patient confidentiality, the data were
obtained from the hospital and delivered near to the 3D
printer within 15 min. The processing of the images and
creation of the 3D model took 2.5 h, and subsequent 3D
printing with postprocessing took 12.5 h. The delivery of
the new donor face mask to the donor patient’s hospital
took 15 min, and the entire process took 15.5 h. The mask
now included the neck area in addition to the full face. The
mask promptly arrived following the detachment of the
facial allograft and could be easily secured by drill holes to
the remaining facial structures. The appearance was
remarkable in its resemblance to the donor patient.
Discussion
AM is increasingly being used in medical applications. We
initially tested AM as an approach to fabricate donor face
masks in preparation for facial restoration in the donor
patient in a facial allotransplantation program. In contrast
to the conventional impression techniques using an
impression medium such as alginate, the production of an
AM mask is based on the imaging of the donor.14 This new
technique was then successfully applied clinically to the
first facial allotransplantation case in Finland.
In the present study, the initial imaging data were ob-
tained using three different techniques, and all the three
manufactured masks proved to have sufficient quality for
the required purpose. However, the DAVID system requires
a separate device, and Proface is dependent on the CT
imaging system. Because the standard digital camera
(123D) technique was the easiest to use and provided a
feasible donor face mask, it was chosen for testing in the
Figure 1 Three-dimensional (3D) images of the test person using the three techniques: a) DAVID, b) 123D, and c) Proface.
Figure 2 Pictures of 3D printed facial masks of the test person: a) DAVID, b) 123D, and c) Proface.
3D-printed donor face mask 1651cadaver setting. After being confirmed to provide a good
quality mask in the cadaver case, the digital camera was
consequently selected for use in the forthcoming face
transplant case. It had been proven to provide enoughdigital data for an anatomical and a realistic replica of the
donor face. For the manipulation and production of the
mask, a separate technician is indeed required, as is the
case with the conventional impression mold processes.2,3
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team. However, an on-call system needs to be organized for
nights and weekends, and the mask has to be delivered to
the donor patient’s hospital.
In our study setting, the Proface system produced the
best quality mask. Nevertheless, the masks made by all
the three methods were almost exact copies of the
original face (Figure 2) and fulfilled the criteria for the
mask. The mask material is not elastic; thus, its texture is
not natural, which is also the case with handmade masks.
It is also possible to secondarily shape the mask if
needed; in addition, drill holes can be made to secure it
to the facial structures of the donor patient. In cases of
partial face procurement, the mask can be shaped to fit
the defect.
The time duration of donor mask manufacturing for all
three techniques varied between 9 and 15 h. This did not
include the time required to deliver the mask to the donor
patient location. However, the image of the donor can be
obtained immediately after the decision for procurement
has been made and well before the commencement of the
donor operation so that it is possible to have the mask ready
once the face has been harvested.
The calculated costs for a donor face mask are depen-
dent on the required equipment and personnel costs.
There is a need for a digital camera and surface or CT
scanner, and these are available in most medical in-
stitutions. The work-related costs, however, are much less
than for handmade masks because most of the production
is automated. In the actual facial allotransplantation case,
the costs incurred were estimated to be approximately
1500V.Conclusions
A new process was developed and tested for the production
of a novel donor face mask that fulfilled the requirements
of facial restoration after facial harvest. All the three
techniques enabled the 3D printing of a custom-made donor
face mask in a timely manner that is almost an exact replica
of the donor’s face. These findings were confirmed by the
successful use of this process in Finland’s first facial allo-
transplantation case. We found a standard digital camera
feasible to be used in this setting. These techniques can be
adjusted in terms of imaging equipment and timeline ac-
cording to each individual program.Ethical approval details
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